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VISCO PAD PLACEMENT IN DISK DRIVES

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/148,930, filed Jan. 7, 2014, entitled VISCO
PAD PLACEMENT IN DISK DRIVES, which application
is incorporated herein by reference in its entirety and for all
purposes.

TECHNICAL FIELD

The present disclosure relates to disk drives and suspen-
sions for disk drives and other electronic components.

BACKGROUND

Dual stage actuation (DSA) disk drive head suspensions
and disk drives incorporating DS A suspensions are generally
known and commercially available. For example, DSA
suspensions having an actuation structure on the baseplate or
other mounting portion of the suspension, i.e., toward one
end from the spring or hinge region of the suspension, are
described in the U.S. Patent Publication No. 2010/0067151
to Okawara, U.S. Patent Publication No. 2012/0002329 to
Shum, U.S. Patent Publication No. 2011/0242708 to
Fuchino, and U.S. Pat. No. 5,764,444 to Imamura. DSA
suspensions having actuation structures located on the load-
beam or gimbal portions of the suspension, i.e., toward
another end from the spring or hinge region, are also known
and disclosed, for example, in U.S. Pat. No. 5,657,188 to
Jurgenson, U.S. Pat. No. 7,256,968 to Krinke, and U.S.
Patent Publication No. 2008/0144225 to Yao. Co-located
gimbal-based DSA suspensions are disclosed in co-pending
U.S. Provisional Application No. 61/700,972. All of the
above-identified patents and patent applications are incor-
porated herein by reference in their entirety for all purposes.

There remains a continuing need for improved DSA
suspensions. DSA suspensions with enhanced performance
capabilities are desired. The suspensions should be capable
of being efficiently manufactured.

SUMMARY

The present disclosure relates to methods, systems, and
apparatuses for dispensing an adhesive piece onto a com-
ponent, such as a component of a hard disk drive suspension.
Various embodiments can comprise a gantry system and a
punch. The punch can be attached to the gantry system and
have a proximal end, a distal tip, a barrel, and a lumen
extending through the barrel, the barrel having an inner
surface defining the lumen and an outer surface, the distal tip
including a cutting edge.

A retention feature can be formed in the inner surface and
disposed within the lumen at or near the distal tip. The
cutting edge can be configured to cut through a layered
adhesive strip having an adhesive layer and a liner adhered
to the adhesive layer. The retention feature be configured to
engage the liner during a cutting of the liner and the adhesive
layer and retain at least partially a piece of the liner adhered
to a piece of the adhesive layer within the lumen following
a cutting of the liner and the adhesive layer.

A pressure pin can be disposed within the lumen and
translatable within the lumen. The actuator can translate the
pressure pin within the lumen to a first position, a second
position, and a third position. The first position of the
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pressure pin allows the release liner to enter the lumen
during the cutting of the release liner and the adhesive layer.
Translation of the pressure pin from the first position to the
second position adheres the adhesive piece to the component
of the hard disk drive suspension while retaining the liner
piece in the lumen. Translation of the pressure pin from the
second position to the third position expels the liner piece
from the lumen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of one end portion of a hard
disk drive suspension.

FIG. 2 is an isometric view of the end portion of FIG. 1
showing an adhesive piece placed on a component of the
hard disk drive suspension according to various embodi-
ments of the disclosure.

FIG. 3 is a schematic, cross-sectional side view of an
exemplary layered adhesive strip from which an adhesive
piece can be extracted.

FIG. 4 is a schematic diagram showing a system including
a tool attached to a gantry system according to various
embodiments of the present disclosure.

FIG. 5 is a detailed cross-sectional side view of the distal
end of an exemplary tool 60.

FIG. 6 is a side view showing the tool 60 in a pre-cut
position.

FIG. 7 is a side view showing the tool 60 in the post-cut
position.

FIG. 8 is a side view showing the tool 60 in extraction
position.

FIG. 9 is a side view showing the tool 60 in pre-placement
position.

FIG. 10 is a side view showing the tool 60 in placement
position.

FIG. 11 is a side view showing the tool 60 in release
position.

FIG. 12 is a side view showing the tool 60 in pre-disposal
position.

FIG. 13 is a side view showing the tool 60 in disposal
position.

FIG. 14 is side view showing the end of a tool 160 in
accordance with alternative embodiments of this disclosure.

FIG. 15 is a flow chart showing an overview of an
exemplary method, according to various embodiments of the
present disclosure.

DESCRIPTION OF THE INVENTION

DSA structures typically have components which move
relative to each other. The capacity to move leaves the DSA
structure, and the suspension as a whole, susceptible to
unwanted vibration and other movement. Various embodi-
ments of the present invention concern the placement of a
dampening layer along a suspension, such as on the DSA
structure. For example, a dampening layer can be placed on
a component, such as a tongue, a motor, and/or other
components of a DSA structure. Commercially-available
dampers are often sold in strips having two-sided adhesive
and liners on each side. Placing the damper onto the com-
ponent requires cutting a piece of the strip for the damper,
removing a bottom liner, adhering the damper to the com-
ponent, and then removing the top liner. Placing the damper
is often performed with a gantry system. Removing the top
liner often requires a manual operation, another apparatus in
addition to the gantry system, or a more complicated gantry
system, which increases manufacturing time and cost. The
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present disclosure addresses placing an adhesive damper,
from a commercially available strip, onto a component of a
hard disk drive suspension with a conventional gantry
system.

FIG. 1 is an isometric view of one end portion of a hard
disk drive suspension 10 showing the stainless steel side of
a flexure 12 having a gimbal 16 with a DSA structure 14.
FIG. 2 is an isometric view of the end portion of FIG. 1
showing an adhesive piece 30 placed according to various
embodiments of the disclosure.

As shown, the flexure 12 includes a gimbal 16 at an end
of the flexure 12. A DSA structure 14 is located on the
gimbal 16. The DSA structure 14 includes a motor 32, which
is a lead zirconium titanate element (PZT) or other piezo-
electric actuator in the illustrated embodiment, mounted to
the gimbal 16 of the flexure 12. The lateral ends of a motor
32 can be attached to the support regions 22 of the spring
arms 24. Layers of adhesive can be positioned on the support
regions 22 of the spring arms 24. The motor 32 extends over
the tongue 18. The motor 32 can be electrically activated to
bend the struts 20 and move (e.g., rotate) the tongue 18 about
a tracking axis.

As shown by the removal of the motor 32 in FIG. 2, an
adhesive piece 30 is located on a top surface of the tongue
18. In this way, the adhesive piece 30 is located between the
top surface of the tongue 18 and the bottom surface of the
motor 32. It is noted that the top surface of the tongue 18 and
the bottom surface of the motor 32 face each other. The
adhesive piece 30 can be in contact with each of the top
surface of the tongue 18 and the bottom surface of the motor
32. In various embodiments, the adhesive piece 30 can be
adhered to the top surface of the tongue 18 and/or the bottom
surface of the motor 32. The adhesive piece 30 can be in the
form of a layer of material. The adhesive piece 30 can be
formed from a viscoelastic adhesive material. In some
embodiments, the material that forms the adhesive piece 30
is inherently adhesive. In some other embodiments, the
adhesive piece 30 comprises a core non-adhesive material
(e.g., a viscoelastic or elastic layer) and an adhesive material
that is disposed on the top and/or bottom surface of the core
non-adhesive material.

Relative motion occurs between the motor 32 and the
tongue 18 during activation of the motor 32. The adhesive
piece 30 acts as a damper to reduce or eliminate vibration
and/or other types of unwanted motion such as out-of plane
motion of the tongue 18 during high frequency resonance
modes, thereby providing lower gain and higher servo
bandwidth capabilities. In general, the greater the area
directly between the motor 32 and the tongue 18 that is
covered by adhesive piece 30, the greater the benefits and
advantages such as those described above that can be
achieved. Adhesive layers such as that described herein can
also be incorporated into other DSA structures (not shown)
in a similar configuration or other parts of a suspension.

Adhesive piece 30 can be formed as various shapes. In
various embodiments, the adhesive piece 30 has an annular
outer profile. As illustrated, the adhesive piece 30 is in the
shape of a circle. The adhesive piece 30 has a cross-sectional
area bound by the outer profile and a thickness. In various
embodiments, the cross-sectional area is sized such that the
motor 32 generally covers the adhesive piece 30 when
viewing the suspension 10 from directly above the top
surface of the motor 32. The thickness of the adhesive piece
30 depends on at least the type of suspension used, the
conditions under which the suspension is being used, and the
damping performance of the material used to form the
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adhesive piece 30. In various embodiments, the adhesive
piece 30 has a thickness between 10-100 microns.

The adhesive piece 30 is formed of a resilient material.
The resilient material can be an elastic material. Such
resilient material can be a visco-elastic material. Visco-
elastic materials can provide enhanced damping benefits.
Examples of suitable materials include 3M™ 242 and JDC
MP65 materials. These materials typically have a relatively
low elastic modulus and therefore have low stiffness. In
various embodiments, the adhesive piece 30 is extracted
from a commercially available and inexpensive layered
adhesive strip.

The motor 32 has a top surface opposite the bottom
surface of the motor 32. As shown, an impingement element
34 can be mounted on the top surface of the motor 32. The
illustrated impingement element 34 comprises multiple lay-
ers. Specifically, the impingement element comprises a top
layer 36 which can comprise a layer of metal (e.g., stainless
steel), plastic, or other material that is relatively hard to
robustly engage a dimple of a loadbeam. The impingement
element 34 includes a second layer 38 below the top layer
36. The second layer 38 can be adhered to the top layer 36
and the top surface of the motor 32. The second layer 38 can
comprise an adhesive piece, which is similar to adhesive
piece 30.

FIG. 3 is a schematic, cross-sectional side view of an
exemplary layered adhesive strip 40 from which the adhe-
sive piece 30 can be extracted. Layered adhesive strip 40 is
generally planar in the lateral direction and has an overall
thickness. The layered adhesive strip 40 has layers, which
can include a liner and/or an adhesive layer. In the illustrated
embodiment, the layered adhesive strip 40 has a first liner
(e.g., a primary liner or release liner) 42, an adhesive layer
44 having a first side 41 adhered onto the first liner, and a
second liner 46 adhered onto a second side 43 of the
adhesive layer. The liners 46, 42 and adhesive layer 44 each
has a thickness contributing to the overall thickness of the
layered adhesive strip 40. In various embodiments, the
thickness of each layer can differ. In some embodiments, the
thickness of the first liner is %1000 of an inch, the adhesive
layer is Y1000 of an inch, and the second liner is %1000 of an
inch. As such, the first liner can be thicker than the second
liner.

The first liner 42 is releasably adhered to the adhesive
layer 44 and is formed of a first material, such as polyeth-
ylene. The second liner 46 is releasably adhered to the
adhesive layer 44 and is formed of a second material, such
as polyester. The first liner 42 and adhesive layer 44 can be
resiliently compressible in the lateral direction. The second
liner 46 may further include a coating made of a third
material. The adhesive layer 44 can be adhered to the first
and second liners 42, 46 by a suitable adhesive, such as an
acrylic polymer. Because the adhesive layer 44 is adhered to
different materials of the first liner 42 and the second liner
46, the adhesion force or peel strength when removing each
liner 42, 46 from the adhesive layer 44 differs. In various
embodiments, a first adhesion force between the first liner 42
and the adhesive layer 44 is greater than a second adhesion
force between the adhesive layer 44 and second liner 46.
Specifically, the layered adhesive strip 40 can be a commer-
cially available product, such as 3M™ Ultra-Pure Visco
elastic Damping Polymer 242NRO01, which exhibits such
differential adhesion strengths for opposing liners that sand-
wich an intermediate adhesive layer. In some embodiments,
the first liner 42 and the second liner 46 may be formed from
the same type of material. In such cases, the first liner 42 and
the second liner 46 may be processed differently such that
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they have different relative strengths of adhesion to the
adhesive layer 44 (e.g., the surface of the first liner 42 may
be rougher than the surface of the second liner 46, wherein
the smoother profile of the second liner 46 lowers the
strength of the adhesion bond with the adhesive layer 44).

FIG. 4 is a schematic diagram showing a system 61
including a tool 60 attached to a gantry system 62 according
to various embodiments of the present disclosure. A gantry
system 62 can control the position of the tool 60. An
example of a gantry system is described in U.S. Publication
No. 2005/0045914, which is hereby incorporated by refer-
ence in its entirety for all purposes. In various embodiments,
a suitable gantry system 62 has a precise Z-axis gantry. In
various embodiments, the gantry system 62 is configured to
perform a 2-step operation including a kiss-cut step and a
place step. As recited herein, distal refers to a first direction
generally away from the gantry system 62 (e.g., the tool 60
in particular) and proximal refers to a second direction
generally toward the gantry system (e.g., along the Z-axis).

The gantry system 62 can include an XYZ gantry allow-
ing the gantry system 62 to control the position of the tool
60 along the X-, Y-, and Z-axes. The gantry system 62 can
position the tool 60 in a first relative position in an X-Y
plane near the layered adhesive strip 40. The gantry system
62 can position the tool 60 in a second relative position in
the X-Y plane near a component of a hard disk drive
suspension 10. The gantry system 62 can position the tool 60
in a third relative position in the X-Y plane near a receptacle.
To achieve the relative positions, the gantry system 62 can
translate the tool 60, layered adhesive strip 40, and/or the
hard disk drive suspension 10. The gantry system 62 can
utilize the Z-axis for controlling the cutting motion of the
tool 60 and placing adhesive piece 30 on the surface of the
component of the hard disk drive suspension 10. The Z-axis
control is configured to have the required precision to cut
through one layer or multiple layers of the layered adhesive
strip 40 without partially or completely cutting through an
adjacent layer. In various embodiments, the gantry system
62 can cause the tool 60 to cut through an adhesive layer 44
without cutting through the entire thickness of the second
liner 46.

The cutting depth along the Z-axis may be precisely
controlled with a hard stop 88, included in the tool 60 or the
gantry system 62 (not shown), which functions as a depth-
marker to control the precise cutting depth of the tool 60.
The hard stop 88 can be generally immoveable in relation to
the punch 64 in the Z-axis. The hard stop 88 can prevent the
tool 60 from moving in one direction on the Z-axis by
engaging a generally immoveable object or surface. The
hard stop 88 may be set to allow the tool 60 to cut through
an adhesive layer 44. The hard stop 88 may be set to prevent
the tool 60 from cutting through the entire thickness of the
second liner 46.

The tool 60 comprises a punch 64, a pressure pin 66, and
an actuator 68 in the illustrated embodiment. The punch 64
has a proximal end 70, a distal end or tip 72, a barrel 65, and
a lumen 74 extending through the barrel. In various embodi-
ments, the barrel 65 is generally cylindrical. The barrel 65
has an inner surface 76 defining the lumen 74 and an outer
surface 78. A retention feature 80 is formed in the inner
surface 76 of the barrel 65 at or near the distal tip 72. The
retention feature 80 can be configured to exert a friction
force, causing frictional interference with an object in the
lumen 74 of the punch 64, thereby retaining the object
within the lumen. The retention feature 80 can be configured
to exert a compression force to retain an object within the
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lumen 74 of the punch 64. In various embodiments, the
retention feature 80 is annularly shaped in the X-Y plane.

The pressure pin 66 is disposed within the lumen 74. The
pressure pin 66 is radially sized to move through the lumen
74, which may include the region bounded by the retention
feature 80 of the inner surface 76 at the distal tip 72. A distal
face 67 of the pressure pin 66 is substantially flat so that the
pressure pin 66 can engage a liner of the layered adhesive
strip 40 and apply a generally even force thereto. The
actuator 68 is disposed in the proximal end 70 of the tool 60
and is configured to translate the pressure pin 66. The
actuator 68 is capable of exerting a force upon the pressure
pin 66 to translate the pin generally along the Z-axis. In other
words, the actuator 68 can extend or retract the pressure pin
66 to select positions.

FIG. 5 is a detailed cross-sectional side view of the distal
end of an exemplary tool 60. The barrel 65 near the distal tip
72 forms a cutting edge 94 of the punch 64. The cutting edge
94 is sharp. The cutting edge 94 is configured to cut various
layers of a layered adhesive strip 40, for example, as shown
in FIG. 3. In various embodiments, the outer surface 78
tapers to the cutting edge 94 at or near the distal tip 72.

The retention feature 80 can have a proximal surface 90
and a distal surface 92, which meet at an angle that forms an
inner edge 100. The inner edge 100 can be sharp giving the
retention feature 80 a barb shape. In various embodiments,
the inner edge 100 is continuous and/or annularly shaped in
the X-Y plane. The barb shape is configured to readily allow
an object (e.g., a first liner 42) to traverse proximally along
the barb shape but to resist movement of the object distally
along the barb shape. In various embodiments, the angle
between the surfaces 90, 92 is less than 90 degrees. The
distal surface 92 tapers to meet the outer surface 78 at an
edge opposite the inner edge 100 forming the profile of the
cutting edge 94 at the distal tip 72. In various embodiments,
the angle between the distal surface 92 and the outer surface
78 is less than 90 degrees, giving sharpness to the cutting
edge 94.

In some embodiments, the retention feature 80 can be a
ring that projects inwardly around the entirety of an inner
circumference of the lumen 74. In this way, the inner edge
100 can be a ridge within the lumen 74. In some other
embodiments, the retention feature 80 comprises a plurality
of separate protrusion elements that each project inwardly at
discrete locations around the inner circumference of the
lumen 74. The projection elements can be evenly spaced
around the inner circumference of the lumen 74. For
example, a set of two protrusion elements can be located 180
degrees from each other, a set of three protrusion elements
can be located 120 degrees from each other, a set of four
protrusion elements can be located 90 degrees from each
other, etc. In some embodiments, the protrusion elements are
located at the same longitudinal position of the barrel 65
(e.g., each has the same Z-axis location). In some other
embodiments, the protrusion elements are located at differ-
ent longitudinal positions of the barrel 65 (e.g., two or more
protrusion elements have different Z-axis locations).

The cutting edge 94 has a profile in the X-Y plane. The
profile can be an annular profile, such as a circle shape or an
ellipse shape. In the illustrated embodiment, the cutting edge
94 is substantially symmetric about an axis parallel to the
Z-axis. The cutting edge 94 is configured to form the shape
of the adhesive piece 30 upon cutting. For example, if the
cutting edge 94 has a circular profile, then it will cut the
adhesive piece 30 into a circular shape. In various embodi-
ments, the diameter of adhesive piece 30 having the circular
profile is %1000 of an inch. The punch 64 can be formed of
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any suitable material to establish a cutting edge, such as
aluminum or steel. The features of the punch 64 can be
formed by CNC machining, etching, or other suitable meth-
ods for forming said suitable material.

The distal face 67 of the pressure pin 66 can be translated
by the actuator 68 into a first position 82, a second position
84 proximal the first position 82, and a third position 86
proximal the second position 84 along a Z-axis. In the first
position 82, the distal face 67 of the pressure pin 66 is
substantially in the X-Y plane defined by first position 82,
which is proximal to the inner edge 100. In the second
position 84, the distal face 67 of the pressure pin 66 is
substantially in the X-Y plane defined by second position 84,
which is proximal the inner edge 100. In the third position
86, the distal face 67 of the pressure pin 66 is substantially
in the X-Y plane defined by third position 86, which is distal
to the inner edge 100. In the first position 82, the pressure pin
66 leaves a space between its distal face 67 and the distal tip
72 in the lumen 74. In the second position 84, the pressure
pin 66 leaves less space in distal tip 72 in the lumen 74
relative to the first position 82. In the third position 86, the
pressure pin 66 leaves even less space in the distal tip 72 in
the lumen 74 relative to the second position 84. The actuator
68 can be configured as, for example, a hard stop actuator,
an encoder motor, or a fluid or air pressure actuator, capable
of translating the pressure pin 66 into each position from
another position.

FIGS. 6-12 are side facing cross sectional views showing
exemplary tool 60 at various points in time during use (e.g.,
corresponding to the method steps of FIG. 15). FIG. 6 is a
side facing cross sectional view showing the tool 60 in a
pre-cut position 110. In pre-cut position 110, the tool 60 is
positioned in the X-Y plane at a first relative position, as
previously described, proximal to a layered adhesive strip
40. The tool 60 hovers proximal to the layered adhesive strip
40 leaving a space between the distal tip 72 of the punch 64
and the layered adhesive strip 40. The portion of the layered
adhesive strip 40 over which the tool 60 hovers has a first
liner 42, adhesive layer 44, and a second liner 46. As shown
in FIG. 6, the pressure pin 66 is retracted within the lumen
74 of the punch 64 and the distal face 67 of the pressure pin
66 is in a first position 82.

FIG. 7 is a side facing cross sectional view showing the
tool 60 in the post-cut position 112 (e.g., following the state
shown in FIG. 6). In post-cut position 112, the tool 60 is in
a position distal to pre-cut position 110. The gantry system
62 causes relative movement of the tool 60 from the pre-cut
position 110 to the post-cut position 112. The gantry system
62 also causes the punch 64 to move downward, along the
Z-axis, to cut into a layered adhesive strip 40 having a first
liner 42, adhesive layer 44, and second liner 46. The cutting
edge 94 of the punch 64 passes completely through the first
liner 42 and the adhesive layer 44. A layered piece 96 is at
least partially separated from the layered adhesive strip 40
but the cutting. The layered piece 96 includes a liner piece
98 and an adhesive piece 30 formed from the first liner 42
and adhesive layer 44, respectively. The layered piece 96 is
forced into the lumen 74 of the punch 64 during the cutting.
The cutting edge 94 may extend partially into the second
liner 46 to ensure a full cut through the adhesive layer 44.
The cutting edge 94 is halted from cutting completely
through the second liner 46 by the functioning of the hard
stop 88 (shown in FIGS. 4 and 5). For example, the hard stop
88 can be fixed in position relative to the punch 64 and can
engage a surface, such as a platform or post, to prevent no
more downward movement of the cutting edge 94 than
intended. The distal face 67 of the pressure pin 66 remains
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retracted in first position 82 during the cutting. The lumen 74
is shown as having received the first liner 42 in the interior
space of the lumen 74.

The retention feature 80 is inwardly bound by a proximal
surface 90 and a distal surface 92. The retention feature 80
engages the first liner 42 during cutting of the first liner 42
and the adhesive layer 44. The retention feature 80 provides
a retention force upon the first liner 42. The retention force
can include a friction force upon the first liner 42, causing
frictional interference, which may be sufficient to retain the
first liner 42 within the lumen 74 during various subsequent
steps.

The retention force of the frictional interference can be
enhanced by a compression force. In the illustrated embodi-
ment, the inner edge 100 of the retention feature 80 extends
radially inward into the first liner 42. The inner diameter of
the lumen 74 narrows along the distal surface 92 from the
distal most tip of the cutting edge 94 to the inner edge 100.
In other words, the lumen 74 has a first inner diameter at a
first location and a second inner diameter at a second
location, wherein the first inner diameter is larger than the
second inner diameter and the first location is distal of the
second location. The first liner 42 is compressed by the
narrowing of the lumen 74 as the first liner 42 moves
proximally along the distal surface 92 into the lumen 74
during the downward cutting stroke of the punch 64. The
compression of the first liner 42 increases frictional inter-
ference between the lateral sides of the first liner 42 and the
distal surface 92.

The retention force can be provided by the barb-like shape
of the retention feature 80. The first liner 42 has sufficient
thickness (as measured along the Z-axis) such that a proxi-
mal portion of the first liner 42 extends proximal of the
retention feature 80 (e.g., the inner edge 100 specifically)
and a distal portion of the first liner 42 extends distal of the
retention feature 80 after cutting. As shown, a width of the
portion of the first liner 42 that is proximal of the inner edge
100 may be greater than a width of another portion of the
first liner 42 that is distal the inner edge 100. In other words,
compression of the first liner 42 by the inner edge 100 causes
the barb-shaped retention feature 80 to catch the first liner
42, increasing a retention force that resists movement of the
first liner 42 (and the adhesive piece 30 attached thereto)
distally in the Z-axis. Whether by frictional interference
and/or the action of the barb-shaped retention feature, the
overall retention force exerted on the release liner 42 is
greater than the adhesion forces between the liners 42, 46
and a portion of the adhesive layer 44 within the lumen 74.

FIG. 8 is a cross sectional side view showing the tool 60
in an extraction position 114. In the extraction position 114,
the tool 60 is in a position proximal to post-cut position 112.
The gantry system 62 causes relative movement of the tool
60 from post-cut position 112 to extraction position 114,
such as by proximal movement of the tool 60 relative to the
remainder of the layered adhesive strip 40. As previously
discussed, the overall retention force is greater than the
second adhesion force between the adhesive piece 30 and
the second liner 46, and the second adhesion force is greater
than the first adhesion force between the adhesive piece 30
and the liner piece 98. The relationship between the forces
allows the punch 64 to retain, at least partially, the liner
piece 98 adhered to the adhesive piece 30 in the lumen 74
following the cutting and during separation of the layered
piece 96 from the remaining layered adhesive strip 40. In the
illustrated embodiment, the distal end 72 of the punch 64 is
tapered, which facilitates release of the punch 64 from the
remainder of the layered adhesive strip 40 as the punch 64
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is moved into the extraction position 114. The distal face 67
of the pressure pin 66 remains in first position 82.

FIG. 9 is a cross sectional side view showing the tool 60
in pre-placement position 116. In pre-placement position
116, the tool 60 is in the X-Y plane at a second relative
position, as previously described, proximal to a component
102 of a hard disk drive suspension 10. The gantry system
62 causes the tool 60 to move from the first relative position
in post-cut position 112 to the second relative position in
pre-placement position 116. The tool 60 is poised proximal
to the suspension component 102 leaving a space between
the distal tip 72 of the punch 64 and the suspension com-
ponent. The component 102 can be a tongue 18 or a motor
32, for example, although the component 102 could be any
part of a suspension or other device. A top surface of the
suspension component 102 is preferably clean and free of
contaminants, such as dust, to facilitate proper adhesion to
the top surface. The layered piece 96 remains retained in the
lumen 74 of the punch 64 due to the retention force, as
previously described. The distal face 67 of the pressure pin
66 remains in the first position 82.

FIG. 10 is a cross sectional side view showing the tool 60
in a placement position 118. In the placement position 118,
the tool 60 is in a position distal to pre-placement position
116. The gantry system 62 causes relative movement of the
tool 60 from pre-placement position 116 to placement posi-
tion 118. Specifically, the gantry system 62 lowers the tool
60 in a distal movement. When the distal face 67 of the
pressure pin 66 is translated by the actuator 68 from first
position 82 to second position 84, the distal face 67 engages
a top surface of the liner piece 98, advancing the whole
layered piece 96 distally. The adhesive piece 30, while still
adhered to a bottom surface of the liner piece 98, engages the
top surface of the suspension component 102. The pressure
pin 66 can be advanced (distally) or at least held in position
relative to the punch 64 during and/or after the lowering of
the tool 60 from the pre-placement position 116 to the
placement position 118. The advancement of the pressure
pin 66 relative to the punch 64 and/or the lowering of the
tool 60 applies pressure to the top side of the liner piece 98
which in turn applies pressure to the adhesive piece 30 to
bond the bottom surface of the adhesive piece 30 to the top
surface of the suspension component 102. The distal tip 72
of the punch 64 remains proximal to the suspension com-
ponent 102.

The adhesion force created between the adhesive piece 30
and the suspension component 102 is greater than the
adhesion force between the liner piece 98 and adhesive piece
30. The liner piece 98 has a sufficient thickness such that,
when the distal face 67 of the pressure pin 66 is translated
to the second position 84, a portion of the liner piece 98
remains proximal to the retention feature 80. The retention
force due to the retention feature 80, as previously
described, is greater than either the adhesion force between
the adhesive piece 30 and the suspension component 102 or
the adhesion force between the liner piece 98 and adhesive
piece 30.

FIG. 11 is a cross sectional side view showing the tool 60
in a release position 120. In the release position 120, the tool
60 is in a position proximal to placement position 118. The
gantry system 62 causes relative movement of the tool 60
from the placement position 118 to the release position 120.
When the punch 64 moves proximally along the Z-axis, the
relationship of forces described above with respect to FIG.
10 causes the liner piece 98 to separate or release from the
adhesive piece 30. The adhesive piece 30 remains adhered to
the component 102. The liner piece 98 remains in the lumen
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74 of the punch 64 at the distal tip 72 due to the previously
described retention force caused by the retention feature 80.
The pressure pin 66 can remain in the second position 84.
Alternatively, the pressure pin 66 can be retracted to first
position 82.

FIG. 12 is a cross sectional side view showing the tool 60
in a pre-disposal position 122. In the pre-disposal position
122, the tool 60 is in the X-Y plane at a third relative
position, as previously described, proximate to a receptacle
104 (e.g., a vacuum bucket). The gantry system 62 causes
the tool 60 to move from the second relative position in
release position 120 to the third relative position in pre-
disposal position 122. The tool 60 hovers proximal to the
receptacle 104 near an opening 106 of the receptacle 104.
The distal face 67 of the pressure pin 66 remains in a
position other than the third position 86, such as the second
position 84 or a position with the distal face 67 proximal of
the third position 86. The liner piece 98 is retained in the
lumen 74 of the punch 64 at the distal tip 72 by the retention
force due to the retention feature 80, as previously
described.

FIG. 13 is a cross sectional side view showing the tool 60
in a disposal position 124. In the disposal position 124, the
punch 64 is in the same position as in the pre-disposal
position 122. When the distal face 67 of the pressure pin 66
is translated by the actuator 68 from the second position 84
to the third position 86, the distal face 67 engages a top
surface of the liner piece 98, advancing the liner piece
distally. As previously described, the distal face 67 in the
third position 86 is distal to the inner edge 100, and the inner
edge 100 no longer engages the liner piece 98, causing a
substantial reduction in retention force due to the retention
feature 80. The receptacle 104 can also provide a vacuum
force through the opening 106 that urges the liner piece 98
to move distally. Whether by the reduced retention force
and/or the vacuum force, the retention force is no longer
sufficient to retain the liner piece 98 and the liner piece 98
is expelled or ejected from the lumen 74 of the punch 64 at
the distal end 72. The liner piece 98 preferably enters the
opening 106 and is disposed within the receptacle 104.
Disposal of the liner piece 98 prevents it from disrupting or
contaminating nearby manufacturing processes.

FIG. 14 is a cross sectional side view showing the end of
a tool 160 in accordance with various embodiments of this
disclosure. Tool 160 is similar to tool 60 in structure and
function and thus is similarly numbered to FIG. 5 for similar
features (e.g. pressure pin 166 is similar to pressure pin 66),
except where noted. In the illustrated embodiment, the tool
160 includes a punch 164, a pressure pin 166, and an
actuator (not shown). The punch 164 includes a distal tip
172, a barrel 165, and a lumen 174 extending through the
barrel. The barrel 65 has an inner surface 176 defining the
lumen 174 and an outer surface 178. A retention feature 180
is formed in the inner surface 176 of the barrel 165 at or near
the distal tip 172. The retention feature 180 has a proximal
surface 190 and a distal surface 192.

Different from the embodiment shown in FIG. 5, the distal
surface 192 of the retention feature 180 does not taper.
Instead, the distal surface 192 is generally parallel to a
Z-axis and meets at an approximately 90 degree angle with
the proximal surface 190 forming an inner edge 200 and
giving the retention feature 180 a barb shape. The outer
surface 178 near the distal tip 172 tapers to meet the distal
surface 192 to form the cutting edge 194. The retention
feature 180 is configured to exert a similar retention force to
that described above upon a layered piece 196, which
includes a liner piece 198 and an adhesive piece 130.



US 9,443,547 B2

11

FIG. 15 is a flow chart showing an overview of an
exemplary method 210 for placing an adhesive piece
extracted from a layered adhesive strip onto a component of
hard disk drive suspension using tool, according to various
embodiments of the present disclosure. The method 210 can
employ the apparatuses discussed herein (e.g., the embodi-
ments of FIGS. 4-14 or other embodiments). In step 212, a
punch of the tool cuts into a layered adhesive strip. The
punch cuts at least a first liner and an adhesive layer forming
a layered piece including a liner piece remaining adhered to
an adhesive piece. The tool includes a pressure pin placed in
a first position and an actuator for controlling translation of
the pin. In step 214, the layered piece is separated from the
remainder of the layered adhesive strip, and is retained in the
punch, as the punch moves away from the layered adhesive
strip. The tool is moved toward a component of a hard disk
drive suspension. In step 216, the adhesive piece is adhered
to the component of the hard disk drive suspension by
providing a first force onto the adhesive piece through the
adhered liner piece. Such force can be provided by the
actuator through the pressure pin being translated from a
first position to a second position. In step 218, a liner piece
is separated from the adhesive piece, which remains adhered
to the suspension component, while the liner piece is
retained in a lumen of the punch. In step 220, the liner piece
is disposed. The liner piece can be expelled from the lumen
of the punch by translating the pressure pin from a second
position to a third position, which provides a second force
onto the liner piece. The expelled liner piece may also be
collected by a receptacle, such as a vacuum bucket.

Although the present invention has been described with
reference to preferred embodiments, those skilled in the art
will recognize that changes can be made in form and detail
without departing from the spirit and scope of the invention.
For example, the various features of the illustrated embodi-
ments can be combined with features of other embodiments.
As such, the various embodiments disclosed herein can be
modified in view of the features of other embodiments, such
as by omitting and/or adding features.

The following is claimed:

1. A method for dispensing an adhesive piece onto a
gimbal component of a dual stage actuation hard disk drive
suspension, the method comprising:

providing a layered adhesive strip having an adhesive

layer and a liner;

cutting into the layered adhesive strip with a punch, the

punch having a cutting edge and a lumen, the cutting
edge passing through the liner and the adhesive layer to
form a liner piece and an adhesive piece;

separating the adhesive piece from the layered adhesive

strip, wherein the liner piece is retained at least partially
in the lumen of the punch by a retention feature within
the lumen and the adhesive piece remains adhered to
the liner piece;

adhering the adhesive piece to the component of the hard

disk drive suspension; and

separating the adhesive piece from the liner piece.

2. The method of claim 1, wherein the adhesive piece is
adhered to the component of the hard disk drive suspension
by translating a pressure pin within the lumen from a first
position to a second position.

3. The method of claim 2, further comprising expelling
the liner piece from the lumen of the punch by translating the
pressure pin within the lumen from the second position to a
third position.

4. The method of claim 3, further comprising disposing of
the expelled liner piece in a receptacle having an opening.
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5. The method of claim 1, wherein the retention feature
within the lumen engages the liner piece to create a retention
force.

6. The method of claim 5, wherein the retention force is
created by frictional interference between an inner surface of
the lumen and the liner piece.

7. The method of claim 6, wherein the lumen narrows
between a distal location and a proximal location such that,
after the cutting step and before the separating the adhesive
piece from the liner piece step, the liner piece is compressed
within the lumen to increase the frictional engagement
between the inner surface of the lumen and the liner piece.

8. The method of claim 1, wherein cutting comprises
lowering the punch along a Z-axis, separating the adhesive
piece from the layered adhesive strip comprising raising the
punch along the Z-axis, adhering the adhesive piece to the
component comprises lowering the punch, and separating
the adhesive piece from the liner piece comprises raising the
punch along the Z-axis.

9. The method of claim 1, further comprising positioning
the punch in a first location along an X-Y plane for the
cutting and separating from the layered adhesive strip steps,
and positioning the punch in a second location along the
X-Y plane for the adhering and the separating the adhesive
piece from the liner piece steps.

10. A system for dispensing an adhesive piece onto a
gimbal component of a dual stage actuation hard disk drive
suspension, the system comprising:

a punch comprising a barrel, a lumen, and a distal cutting
edge, and a retention feature disposed within the
lumen;

a gantry system configured to translate the punch along a
Z-axis between an upper position and a lower position;
and

wherein the cutting edge is configured to cut a liner piece
and an adhesive piece from a layered adhesive strip
when the gantry system translates the punch from the
upper position to the lower position, the first position of
the pressure pin allows the release liner to enter the
lumen during the cutting of the liner piece from the
layered adhesive strip, the retention feature is config-
ured to retain the liner piece within the lumen while the
adhesive piece is attached to the liner piece following
the cutting of the liner piece from the layered adhesive
strip, and the gantry system and the punch are config-
ured to apply the adhesive piece to the component of
the hard disk drive suspension when translating the
punch to the lower position.

11. The system of claim 10, further comprising a recep-
tacle having an opening for receiving the expelled liner
piece.

12. The system of claim 10, wherein the retention feature
is configured to cause frictional interference between an
inner surface of the barrel and a liner piece creating a
retention force greater than an adhesion force between the
adhesive piece and a second liner of the layered adhesive
strip.

13. The system of claim 10, wherein the gantry system is
further configured to translate the punch from the lower
position to the upper position to separate the adhesive layer
from the liner piece.

14. The system of claim 10, wherein the retention feature
is configured to retain the liner piece within the lumen.

15. The system of claim 10, wherein the gantry system is
configured to position the punch in a first location along an
X-Y plane when cutting the liner piece and the adhesive
piece from the layered adhesive strip, and the gantry system
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is configured to position the punch in a second location
along the X-Y plane when applying the adhesive piece to the
component of the hard disk drive suspension.

16. The system of claim 10, wherein the lumen narrows
between a distal location and a proximal location to com-
press the liner piece within the lumen to increase the
frictional engagement between the inner surface of the
lumen and the liner piece.

17. The system of claim 10, wherein the retention feature
comprises a barb.

18. The system of claim 10, wherein the retention feature
is formed from the inner surface of the lumen.

19. A method for dispensing an adhesive piece onto a
gimbal component of a dual stage actuation hard disk drive
suspension, the method comprising:

cutting into a layered adhesive strip by moving a punch

downward, the punch having a cutting edge and a
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lumen, the cutting edge passing through a first liner and
an adhesive layer to form a liner piece and an adhesive
piece;
separating the adhesive piece from the layered adhesive
strip by moving the punch upward, wherein the liner
piece is retained at least partially in the lumen of the
punch by a retention feature within the lumen and the
adhesive piece remains adhered to the liner piece; and
adhering the adhesive piece to the component of the hard
disk drive suspension by moving the punch downward.
20. The method of claim 19, wherein adhering the adhe-
sive piece to the component of the hard disk drive suspen-
sion further comprises moving a pressure pin within the
lumen of the punch from a first position to a second position,
the second position distal of the first position, the pressure
pin engaged with the liner piece.
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